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BEAM CODEBOOK GENERATION METHOD,
BEAM SEARCH METHOD AND RELATED
APPARATUSES

CROSS REFERENCE

This application is a continuation of International Patent
Application No. PCT/CN2013/075299, filed on May 8, 2013,
which claims priority to Chinese Patent Application No.
201210268457.1, filed on Jul. 31, 2012, both of which are
hereby incorporated by reference in their entireties.

TECHNICAL FIELD

The present invention relates to the communications field,
and in particular, to a beam codebook generation method, a
beam search method, and related apparatuses.

BACKGROUND

In a beamforming system, at a transmit end, after being
multiplied by a transmitting weight vector w, transmitted
signals are transmitted to a radio channel by using different
antenna array elements; and, at a receive end, received signals
of the antenna array elements are transmitted to a signal
processing module after weighted vector summation of a
receiving weight ¢ is performed. Forming of a target beam is
categorized into an adaptive beamforming technology and a
beam switching technology. The adaptive beamforming tech-
nology is to obtain an optimal beam mode after a series of
operations, that is, an antenna weighted vector w, are per-
formed on a signal received by an array antenna, and use the
optimal beam mode for communication. Although the adap-
tive beamforming may be optimal in theory, its computing
complexity is high and its convergence speed is slow. There-
fore, a beam switching technology is introduced in order to
reduce implementation difficulty. The beam switching tech-
nology refers to forming a beam codebook matrix W=(w,,
Wy, ..., Wg) after the antenna weighted vector w required for
beamforming is predefined and has a fixed value in a device,
so that the device only needs to search for the weighted vector
in beam codebook space during practical communication.
Currently, the beam switching technology is widely applied
in millimetric wave communications. All 60 GHz millimetric
wave  communications  standards  (IEEE802.15.3c,
IEEE802.11ad, Chinese standards, and the like), which are
currently released or under development, support the beam
switching technology that is based on a fixed beam codebook.

The currently released standard IEEE802.15 3¢ stipulates
the beam codebook matrix W. Formula (1) is a formula for
generating an element in a p” row and a g column in the
IEEE802.15.3¢ codebook matrix W, that is, a p”-dimension
element in a codebook vector wq ofa q” beam, where M is the
number of the antenna array elements, K is the number of
beams (Kz=M, generally K=2M). Formula (1) denotes an
N-phase codebook, where the codebook may use more fine-
grained phases to generate a beam that has a higher main lobe
gain and a lower side lobe level. In the formula, N is the
number of phases.
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In a case in which the beam codebook is known (in a case
in which formula (1) is known), the device can, during prac-
tical communication, obtain a sufficient antenna gain simply
by searching for an optimal beam pair in a specific manner.

To improve beam search efficiency and reduce time con-
sumption and energy consumption in a beam search process,
a fast beam search algorithm is submitted to related Chinese
60 GHz millimetric wave communications standards. The
algorithm first creates a model of a beam search issue by
treating it as an optimization issue, and then uses sequence
numbers of beams of both the transmit and receive ends as
independent variables and uses strength or a signal-to-noise
ratio of a received signal as a target function to obtain opti-
mized search space. The fast beam search algorithm takes
advantage of beam width difference generated by different
numbers of the antenna array elements, and accelerates the
beam search process based on a dichotomic search idea and a
dichotomy policy. A currently used basic process of the fast
beam search algorithm is as follows:

(a) Set the number of activated antenna array elements to
m=2 and deactivate the remaining M-2 antenna array ele-
ments, perform beam search (in this case, the beams are
relatively wide, the search space is relatively small, and a
traverse method may be used) to obtain a current optimal
beam pair, record a main lobe direction (f, ¢) of an optimal
beam, and record a search counter as i=1.

(b) Set i=i+1, set the number of activated antenna array
elements to m=2i and set the number of deactivated antenna
array elements to M-2i, use beams close to the currently
recorded optimal main lobe direction (f, ¢) as an initial beam
pair to continue the beam search and obtain an optimal beam
pair, and update the record of the main lobe direction (f, ¢) of
the optimal beam.

(c) If all antenna array elements are put into use (m=M),
end the search and use the currently recorded optimal beam
pair as a final search result; otherwise, return to step (b).

It can be learnt from the foregoing description that, when
the beam codebook is calculated by using formula (1) cur-
rently, in order to implement beam search, activation and
deactivation control needs to be performed separately on each
antenna array element of a phased array antenna until all
antenna array elements are in an activated state, which
undoubtedly increases hardware implementation difficulty
and is adverse to algorithm implementation.

SUMMARY

Embodiments of the present invention provide a beam
codebook generation method, a beam codebook generation
apparatus, and a beam search method and apparatus, so that
when beam search is performed by using a generated beam
codebook, all beam signal channels may be used and hard-
ware implementation difficulty is reduced.

A first aspect of the present invention provides a beam
codebook generation method, which may include:

calculating a first array response factor of a reference beam
with a specified sequence number in target beams according
to the number of actually generated beam signal channels,
and calculating a second array response factor of the refer-
ence beam in the target beams according to the preset number
of target beam signal channels;

performing radiated power normalization processing on
the first array response factor to obtain a first radiation factor
of the reference beam, and performing radiated power nor-
malization processing on the second array response factor to
obtain a second radiation factor of the reference beam;
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performing normalization processing on the obtained first
radiation factor and second radiation factor of the reference
beam to obtain a beam codebook of the reference beam; and

performing rotation processing on the obtained beam code-
book of the reference beam to obtain a beam codebook of one
or more other beams except the reference beam in the target
beams.

In a first possible implementation manner, a value of the
number of the target beam signal channels is less than or equal
to the number of the actually generated beam signal channels.

With reference to the first aspect or the first possible imple-
mentation manner of the first aspect, in a second possible
implementation manner, the number of the target beams is
less than or equal to twice of the number of the target beam
signal channels, and the sequence number of the reference
beam in the target beams is less than or equal to the number of
the target beam signal channels.

With reference to the first aspect or the first possible imple-
mentation manner of the first aspect or the second possible
implementation manner of the first aspect, in a third possible
implementation manner, the calculating a first array response
factor of a reference beam with a specified sequence number
in target beams according to the number of actually generated
beam signal channels includes:

calculating the first array response factor of the reference
beam in the target beams according to a formula

M-1 “
(M) _  H i€ 27 psing
AF} =wla(®) = E W, @ LT

p=0

where

iis the sequence number of the reference beam, AF, %" is
a first array response factor of a reference beam with a
sequence number i, W, is an array weighted vector of the
reference beam in a beam codebook matrix, p is a sequence
number of an actually generated beam signal channel, M is
the number of the actually generated beam signal channels, m
is the set number of target beam signal channels, 6 is an angle
of direction of arrival, a(0) is a steering vector of a received
signal, and d and A are array element spacing and a carrier
wavelength respectively; and

the calculating a second array response factor of the refer-
ence beam in the target beams according to the preset number
of target beam signal channels includes:

calculating the second array response factor of the refer-
ence beam in the target beams according to a formula

mol d .
AF‘_(m) - W‘Ha(O) - Z W;'iej'xZﬂpxth’
q=0

where

iis the sequence number of the reference beam, AF," is a
second array response factor of the reference beam with the
sequence number i, W, is the array weighted vector of the
reference beam in the beam codebook matrix, H and * indi-
cate conjugate transpose and conjugate respectively, q is a
sequence number of a target beam signal channel, where
values ofqare0, 1, ..., m-1 successively, m is the set number
of the target beam signal channels, 0 is the angle of direction
ofarrival, a(0) is the steering vector of the received signal, and
d and A are the array element spacing and the carrier wave-
length respectively.
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With reference to the third possible implementation man-
ner of the first aspect, in a fourth possible implementation
manner, the performing radiated power normalization pro-
cessing on the first array response factor to obtain a first
radiation factor of the reference beam includes:

calculating the first radiation factor of the reference beam
according to a formula

2
ar™)

GMm _
‘ _—
mx fIAFM™ | 4o

where

i is the sequence number of the reference beam, G,**™ is
afirstradiation factor of the reference beam with the sequence
number i, AF,%**™ is the first array response factor of the
reference beam, m is the set number of the target beam signal
channels, 0 is the angle of direction of arrival, and d is the
array element spacing expressed by the carrier wavelength;
and

the performing radiated power normalization processing
on the second array response factor to obtain a second radia-
tion factor of the reference beam includes:

calculating the second radiation factor of the reference
beam according to a formula

2
AF™)|

g AL
mx [IIAF™| a0

where

i is the sequence number of the reference beam, & ™ is a
second radiation factor of the reference beam with the
sequence number i, AF " is the second array response factor
of' the reference beam, m is the set number of the target beam
signal channels, 0 is the angle of direction of arrival, and d is
the array element spacing expressed by the carrier wave-
length.

With reference to the fourth possible implementation man-
ner of the first aspect, in a fifth possible implementation
manner, the performing normalization processing on the
obtained first radiation factor and second radiation factor of
the reference beam to obtain a beam codebook of the refer-
ence beam includes:

calculating the beam codebook of the reference beam
according to a formula

27
. . 2
Wit = argmm{ [ - gtMm) d@},
‘Wp,i‘zl 0

where

i is the sequence number of the reference beam, w;
a beam codebook of the reference beam with the sequence
number i, M is the number of the actually generated beam
signal channels, m is the set number of the target beam signal
channels, p is a sequence number of an actually generated
beam signal channel, where values of pare 0, 1, . . ., M-1
successively, G ™ is the second radiation factor of the refer-
ence beam, G,*™ is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength, and
Iw,, /=1 indicates a phase control condition.

@Lm) 1g
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With reference to the fourth possible implementation man-
ner of the first aspect, in a sixth possible implementation
manner, the performing normalization processing on the
obtained first radiation factor and second radiation factor of
the reference beam to obtain a beam codebook of the refer-
ence beam includes:

calculating the beam codebook of the reference beam
according to a formula

21
W aogmif [ 1G: - G de),
‘Wp,i‘zl 0

where

iis the sequence number of the reference beam, w,**™ is
a beam codebook of the reference beam with the sequence
number i, M is the number of the actually generated beam
signal channels, m is the set number of the target beam signal
channels, p is a sequence number of an actually generated
beam signal channel, where values of pare 0, 1, . . ., M-1
successively, G ™ is the second radiation factor of the refer-
ence beam, G,%*™ is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength, and
Iw,, /=1 indicates a phase control condition.

With reference to the fourth possible implementation man-
ner of the first aspect, in a seventh possible implementation
manner, the performing normalization processing on the
obtained first radiation factor and second radiation factor of
the reference beam to obtain a beam codebook of the refer-
ence beam includes:

calculating the beam codebook of the reference beam
according to a formula

27
W < asgminf [ - " o).
0

where

iis the sequence number of the reference beam, w,*™ is
the beam codebook of the reference beam with the sequence
number i, M is the number of the actually generated beam
signal channels, m is the set number of the target beam signal
channels, p is a sequence number of an actually generated
beam signal channel, where values of pare 0, 1, . . ., M-1
successively, G ™ is the second radiation factor of the refer-
ence beam, G,“*™ is the first radiation factor of the reference
beam, 6 is the angle of direction of arrival, and d is the array
element spacing expressed by the carrier wavelength.

With reference to the fifth possible implementation manner
of the first aspect or with reference to the sixth possible
implementation manner of the first aspect or with reference to
the seventh possible implementation manner of the first
aspect, in an eighth possible implementation manner, the
performing rotation processing on the obtained beam code-
book of the reference beam to obtain a beam codebook of one
or more other beams except the reference beam in the target
beams includes:

calculating the beam codebook of one or more other beams
except the reference beam in the target beams according to a
formula
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g—m
angle(w,,) = angle(w,,)) + p5—r.

where

p is the sequence number of the actually generated beam
signal channel, i is the sequence number of the reference
beam, angle(w,,,) is a phase value of a beam codebook of a
beam with a sequence number r, M is the number of the
actually generated beam signal channels, m is the set number
of' the target beam signal channels, K is the number of target
beams, r is a sequence number of a target beam, values of
pare0,1,...,M-1successively, values ofrare 0, 1, .. . ,i-1,
i+1,...,K-1successively, and angle(w,, ;) is a phase value of
the beam codebook of the reference beam.

With reference to the first aspect, or the first possible imple-
mentation manner of the first aspect, or the second possible
implementation manner of the first aspect, or the third pos-
sible implementation manner of the first aspect, or the fourth
possible implementation manner of the first aspect, or the fifth
possible implementation manner of the first aspect, or the
sixth possible implementation manner of the first aspect, or
the seventh possible implementation manner of the first
aspect, or the eighth possible implementation manner of the
first aspect, in a ninth possible implementation manner, the
beam signal channel is an antenna array element channel or a
filter channel.

A second aspect of the present invention provides a beam
search method, which may use a beam codebook to perform
beam search, where the beam codebook is generated by using
a beam codebook generation method provided in the present
invention, and the beam search method may specifically
include:

performing beam search by using a beam codebook as a
beam search condition to obtain a current optimal beam pair,
where the beam codebook is calculated when the number of
target beam signal channels is 2, recording a main lobe direc-
tion of an optimal beam, and initializing a search counter to
a=1;

increasing the search counter a with an increment of 1,
continuing to perform the beam search by using a beam
codebook as a beam search condition to obtain a current
optimal beam pair, where the beam codebook is calculated
when the number of the target beam signal channels is 2%, and
recording the main lobe direction of the optimal beam; and

performing the foregoing step repeatedly until the number
of the target beam signal channels is equal to the number of
actually generated beam signal channels and then ending the
search, and using a current optimal beam pair, which is
recorded when the search is ended, as an optimal beam pair,
where the foregoing step is: increasing the search counter a
with an increment of 1, continuing to perform the beam
search by using a beam codebook as a beam search condition
to obtain a current optimal beam pair, where the beam code-
book is calculated when the number of the target beam signal
channels is 2¢, and recording the main lobe direction of the
optimal beam.

A third aspect of the present invention provides a beam
codebook generation apparatus, which may include:

an array response factor obtaining unit, configured to cal-
culate a first array response factor of a reference beam with a
specified sequence number in target beams according to the
number of actually generated beam signal channels, and cal-
culate a second array response factor of the reference beam in
the target beams according to the preset number of target
beam signal channels;
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a radiation factor obtaining unit, configured to perform
radiated power normalization processing on the first array
response factor, which is obtained by the array response fac-
tor obtaining unit, to obtain a first radiation factor of the
reference beam, and perform radiated power normalization
processing on the second array response factor, which is
obtained by the array response factor obtaining unit, to obtain
a second radiation factor of the reference beam;

a first beam codebook obtaining unit, configured to per-
form normalization processing on the first radiation factor
and the second radiation factor of the reference beam, which
are obtained by the radiation factor obtaining unit, to obtain a
beam codebook of the reference beam; and

a second beam codebook obtaining unit, configured to
perform rotation processing on the beam codebook of the
reference beam to obtain a beam codebook of one or more
other beams except the reference beam in the target beams,
where the beam codebook of the reference beam is obtained
by the first beam codebook obtaining unit.

In a first possible implementation manner, the beam search
apparatus of the present invention further includes:

a setting unit, configured to set the number of the target
beam signal channels and the sequence number of the refer-
ence beam, where a value of the set number of the target beam
signal channels is less than or equal to the number of the beam
signal channels.

With reference to the third aspect or the first possible
implementation manner of the third aspect, in a second pos-
sible implementation manner, the setting unit sets the
sequence number of the reference beam to be less than or
equal to the number of the target beam signal channels.

With reference to the third aspect or the first possible
implementation manner of the third aspect or the second
possible implementation manner of the third aspect, in a third
possible implementation manner, the array response factor
obtaining unit is specifically configured to: according to a
formula

M-1 4
(M,m) H j+ 2mpsing
AR = wha@) = " i, el
p=0

calculate the first array response factor of the reference beam
in the target beams, where

iis the sequence number of the reference beam, AF,
a first array response factor of a reference beam with a
sequence number i, W, is an array weighted vector of the
reference beam in a beam codebook matrix, H and * indicate
conjugate transpose and conjugate respectively, p is a
sequence number of an actually generated beam signal chan-
nel, where valuesof pare 0, 1,. .., M-1 successively, M is the
number of the actually generated beam signal channels, m is
the set number of target beam signal channels, 6 is an angle of
direction of arrival, a(f) is a steering vector of a received
signal, and d and A are array element spacing and a carrier
wavelength respectively; and

the array response factor obtaining unit is specifically con-
figured to: according to a formula

@4.m) g

ml 4,
AF‘_(m) - W‘Ha(O) - Z W;'ierZprth’
q=0
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calculate the second array response factor of the reference
beam in the target beams, where

i is the sequence number of the reference beam, AF,"™ is
the second array response factor of the reference beam with
the sequence number i, W, is the array weighted vector of the
reference beam in the beam codebook matrix, H and * indi-
cate conjugate transpose and conjugate respectively, q is a
sequence number of a target beam signal channel, where
values of qare0, 1, ..., m-1 successively, m is the set number
of'the target beam signal channels, 0 is the angle of direction
ofarrival, a(0) is the steering vector of the received signal, and
d and A are the array element spacing and the carrier wave-
length respectively.

With reference to the third possible implementation man-
ner of the third aspect, in a fourth possible implementation
manner, the radiation factor obtaining unit is specifically
configured to: according to a formula

2
ar™)

GMm _
{ :
mx fIIAF | a6

calculate the first radiation factor of the reference beam in the
target beams, where

i is the sequence number of the reference beam, G,**™ is
afirstradiation factor of the reference beam with the sequence
number i, AF,%**™ is the first array response factor of the
reference beam, m is the set number of the target beam signal
channels, 0 is the angle of direction of arrival, and d is the
array element spacing expressed by the carrier wavelength;
and

the radiation factor obtaining unit is specifically configured
to: according to a formula

2
AF™)|

gm0
mx fIAF™ | a6

calculate the second radiation factor of the reference beam in
the target beams, where

i is the sequence number of the reference beam, & ™ is a
second radiation factor of the reference beam with the
sequence number i, AF,* the second array response factor of
the reference beam, m is the set number of the target beam
signal channels, 0 is the angle of direction of arrival, and d is
the array element spacing expressed by the carrier wave-
length.

With reference to the fourth possible implementation man-
ner of the third aspect, in a fifth possible implementation
manner, the first beam codebook obtaining unit is specifically
configured to: according to a formula

27
. . 2
Wit — argmm{ [G ™ — gtMm) dO},
‘Wp,i‘zl 0

calculate the beam codebook of the reference beam, where

i is the sequence number of the reference beam, w,*™ is
a beam codebook of the reference beam with the sequence
number i, M is the number of the actually generated beam
signal channels, m is the set number of the target beam signal
channels, p is a sequence number of an actually generated
beam signal channel, where values of pare 0, 1, . . ., M-1
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successively, G " is the second radiation factor of the refer-
ence beam, G,**™ is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength, and
Iw,, =1 indicates a phase control condition.

With reference to the fourth possible implementation man-
ner of the third aspect, in a sixth possible implementation
manner, the first beam codebook obtaining unit is specifically
configured to: according to a formula

27
W9~ g (157 — 6% o),
‘Wp,i‘zl 0

calculate the beam codebook of the reference beam, where

iis the sequence number of the reference beam, w,*™ is
a beam codebook of the reference beam with the sequence
number i, M is the number of the actually generated beam
signal channels, m is the set number of the target beam signal
channels, p is a sequence number of an actually generated
beam signal channel, where values of pare 0, 1, . . ., M-1
successively, G " is the second radiation factor of the refer-
ence beam, G,“*™ is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength, lw, =1
and indicates a phase control condition.

With reference to the fourth possible implementation man-
ner of the third aspect, in a seventh possible implementation
manner, the first beam codebook obtaining unit is specifically
configured to: according to a formula

2
1) = ogmi 17 - 6 o),
0

calculate the beam codebook of the reference beam, where
iis the sequence number of the reference beam, w,*™ is
the beam codebook of the reference beam with the sequence
number i, M is the number of the actually generated beam
signal channels, m is the set number of the target beam signal
channels, p is a sequence number of an actually generated
beam signal channel, where values of pare 0, 1, . . ., M-1
successively, G " is the second radiation factor of the refer-
ence beam, G,“*™ is the first radiation factor of the reference
beam, 6 is the angle of direction of arrival, and d is the array
element spacing expressed by the carrier wavelength.

With reference to the fifth possible implementation manner
of the third aspect or with reference to the sixth possible
implementation manner of the third aspect or with reference
to the seventh possible implementation manner of the third
aspect, in an eighth possible implementation manner, the
second beam codebook obtaining unit is specifically config-
ured to: according to a formula

g-m
angle(wp,,) = angle(wp,;) + PWR,

calculate the beam codebook of one or more other beams
except the reference beam in the target beams, where

p is the sequence number of the actually generated beam
signal channel, i is the sequence number of the reference
beam, angle(w,,,) is a phase value of a beam codebook of a
beam with a sequence number r, M is the number of the
actually generated beam signal channels, m is the set number
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of' the target beam signal channels, K is the number of target
beams, r is a sequence number of a target beam, values of
pare0,1,...,M-1successively, values ofrare 0, 1, .. . ,i-1,
i+1,...,K~1 successively, and angle(w,, ,) is a phase value of
the beam codebook of the reference beam.

With reference to the third aspect, or the first possible
implementation manner of the third aspect, or the second
possible implementation manner of the third aspect, or the
third possible implementation manner of the third aspect, or
the fourth possible implementation manner of the third
aspect, or the fifth possible implementation manner of the
third aspect, or the sixth possible implementation manner of
the third aspect, or the seventh possible implementation man-
ner of the third aspect, or the eighth possible implementation
manner of the third aspect, in a ninth possible implementation
manner, the beam signal channel is an antenna array element
channel or a filter channel.

A fourth aspect of the present invention provides a beam
search apparatus, which may include:

a setting unit, configured to set a search counter and ini-
tialize the search counter to a=1;

a searching unit, configured to: perform beam search by
using a beam codebook as a beam search condition to obtain
a current optimal beam pair, where the beam codebook is
generated by the beam codebook generation apparatus
according to the present invention when the number of target
beam signal channels are 2%; and record a main lobe direction
of an optimal beam; and

a controlling unit, configured to: after each time the search-
ing unit performs the beam search by using the beam code-
book as the beam search condition, where the beam codebook
is generated when the number of target beam signal channels
are 2a, control the setting unit to increase the search counter
with an increment of 1, and determine whether the number of
the target beam signal channels obtained after the increase of
the search counter is equal to the number of actually gener-
ated beam signal channels, and, if a result of the determining
is yes, instruct the searching unit to continue to perform the
beam search by using the beam codebook as the beam search
condition, where the beam codebook is generated when the
number of target beam signal channels are 2a, and, if the
result of the determining is no, instruct the searching unit to
end the search, and use a current optimal beam pair, which is
recorded when the search is ended, as an optimal beam pair.

A fifth aspect of the present invention provides a beam
search system, which may include any beam codebook gen-
eration apparatus mentioned in the present invention and any
beam search apparatus mentioned in the present invention.

It can be learned from the foregoing description that, in
feasible implementation manners of the present invention, the
number of target beam signal channels is set, and a beam
codebook is calculated based on the number of actually gen-
erated beam signal channels and the set number of the target
beam signal channels, where the beam codebook is generated
under a circumstance of the number of the actually generated
beam signal channels, where the circumstance is equivalent to
a circumstance of the number of the target beam signal chan-
nels, so that when beam search is performed by using the
generated beam codebook, all actual beam signal channels
may be used, and it is unnecessary to perform activation and
deactivation control on a single beam signal channel, which
reduces hardware implementation difficulty.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic flowchart of a first embodiment of a
beam codebook generation method according to the present
invention;
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FIG. 2 is a schematic flowchart of a first embodiment of a
beam search method according to the present invention;

FIG. 3 is a schematic diagram of structural composition of
a first embodiment of a beam codebook generation apparatus
according to the present invention;

FIG. 4 is a schematic diagram of structural composition of
a first embodiment of a beam search apparatus according to
the present invention;

FIG. 5 is a schematic diagram of structural composition of
a first embodiment of a beam search system according to the
present invention;

FIG. 6 is a schematic diagram of structural composition of
an embodiment of a network device according to the present
invention; and

FIG. 7 is a schematic diagram of structural composition of
an embodiment of a network device according to the present
invention.

DESCRIPTION OF EMBODIMENTS

To make objectives, technical solutions and advantages of
the present invention clearer, the following describes the
present invention in more detail with reference to accompa-
nying drawings.

In some feasible implementation manners of the present
invention, the number of target beam signal channels is set,
and a beam codebook is calculated based on the number of
actually generated beam signal channels and the set number
of'the target beam signal channels, where the beam codebook
is generated under a circumstance of the number of the actu-
ally generated beam signal channels, where the circumstance
is equivalent to a circumstance of the number of the target
beam signal channels, so that when beam search is performed
by using the generated beam codebook, all actual beam signal
channels may be used, and it is unnecessary to perform acti-
vation and deactivation control on a single beam signal chan-
nel, which reduces hardware implementation difficulty.

FIG. 1 is a schematic flowchart of a first embodiment of a
beam codebook generation method according to the present
invention. As shown in FIG. 1, the beam codebook generation
method of the present invention may include the following
steps:

Step S110: Calculate a first array response factor of a
reference beam with a specified sequence number in target
beams according to the number of actually generated beam
signal channels, and calculate a second array response factor
of the reference beam in the target beams according to the
preset number of target beam signal channels, where the array
response factor is a weighted value assigned by a system to
each beam signal channel.

In some feasible embodiments, actual beam signal chan-
nels in the present invention may be antenna array element
channels or filter channels or other beam signal channels that
are formed by other devices capable of generating beam
channels, and an antenna array element may be an antenna
array element formed of phased array antennas. When beam
signal channels are antenna array element channels, the num-
ber of the beam signal channels may be the number of antenna
array elements. In this case, the array response factor is a
weighted value assigned by the system to each antenna array
element. The number of the actually generated beam signal
channels is the number of beam signal channels that can be
actually generated by the foregoing devices capable of gen-
erating beam channels, and the number of the target beam
signal channels is the number of beam signal channels
expected to be generated by the devices capable of generating
beam channels.
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In some feasible embodiments, the value of the number of
the target beam signal channels, which is set in the present
invention, may be less than or equal to the number of the
actually generated beam signal channels. For example, using
the number of antenna array elements as an example for
description, and assuming that the number of actual antenna
array elements is M (M is a positive integer) and the set
number of the target antenna array elements is m (m is a
positive integer), in some feasible embodiments, m and M
may satisfy a condition: m<M.

In some feasible embodiments, the number of the target
beams corresponds to the set number of the target beam signal
channels. Generally, the number of the target beams may be
less than or equal to twice of the number of the target beam
signal channels, and the sequence number of the reference
beam in the target beams may be less than or equal to the
number of the target beam signal channels. For example,
description is given by using an example in which the number
of the actual antenna array elements is M (M is a positive
integer), the number of the target antenna array elements is m
(m is a positive integer), the number of the target beams are K
(K is a positive integer), and the sequence number of the
reference beam is i, in some feasible embodiments, K<2m
and i=m.

In some feasible embodiments, a method for calculating
the first array response factor of the reference beam in the
target beams according to the number of the actually gener-
ated beam signal channels may be expressed by formula (2):

M-1 "
(M,m) _  H — jy 27 psing
AFP™ =wha(9) = E W el AP
p=0

@

In formula (2), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), W, is an array weighted vector of the
reference beam in a beam codebook matrix, H and * indicate
conjugate transpose and conjugate respectively, p is a
sequence number of an actually generated beam signal chan-
nel, where valuesof pare 0, 1,. .., M-1 successively, M is the
number of the actually generated beam signal channels, m is
the set number of the target beam signal channels (as
described above, in some feasible embodiments, m may sat-
isfy: m<M), 0 is an angle of direction of arrival, a(0) is a
steering vector of a received signal, and d and A are array
element spacing and a carrier wavelength respectively.

In some feasible embodiments, w,, may be obtained
according to formula (1) or another known array weighted
vector calculation method, which is not detailed here.

In some feasible embodiments, a method for calculating
the second array response factor of the reference beam in the
target beams according to the number of the actually gener-
ated beam signal channels may be expressed by formula (3):

m-1 o €3]
AR = whla®) = " w1,

=0

In formula (3), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), W, is the array weighted vector of the
reference beam in the beam codebook matrix, H and * indi-
cate conjugate transpose and conjugate respectively, q is a
sequence number of a target beam signal channel, where
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values ofqare0, 1, ..., m-1 successively, m is the set number
of the target beam signal channels (as described above, in
some feasible embodiments, m may satisfy: m<M), 6 is the
angle of direction of arrival, a(0) is the steering vector of the
received signal, and d and A are the array element spacing and
the carrier wavelength respectively.

In some feasible embodiments, w,, may be obtained
according to formula (1) or another known array weighted
vector calculation method, which is not detailed here.

Step S111: Perform radiated power normalization process-
ing on the first array response factor to obtain a first radiation
factor of the reference beam, and perform radiated power
normalization processing on the second array response factor
to obtain a second radiation factor of the reference beam,
where the radiation factor is a weighted value assigned to the
beam signal when the beam signal channel transmits a signal.

In some feasible embodiments, a method for performing
radiated power normalization processing on the first array
response factor to obtain a first radiation factor of the refer-
ence beam may be expressed by formula (4):

i) 2
M _ lar™ ) “

" nx JIAF g

In formula (4), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), AF,**™ is the first array response factor of
the reference beam, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
radiated power normalization processing on the second array
response factor to obtain a second radiation factor of the
reference beam may be expressed by formula (5):

IAFI &

g(m) — .
T mxJIAFIde

In formula (5), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), AF,"™ is the second array response factor
of' the reference beam, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

Step S112: Perform normalization processing on the
obtained first radiation factor and second radiation factor of
the reference beam to obtain a beam codebook of the refer-
ence beam.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam to obtain a
beam codebook of the reference beam may be expressed by
formula (6):
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6
M) ©

27
- argmin{ f G - GE’V"'"WG}.
0

W m =1

In formula (6), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
values of pare0, 1, ..., M-1 successively, G ™ is the second
radiation factor of the reference beam, G, ™" is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, d is the array element spacing expressed by the
carrier wavelength, and Iw, /=1 indicates a phase control
condition, that is, the beam codebook performs only phase
rotation for a signal without performing amplitude adjust-
ment.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam to obtain a
beam codebook of the reference beam may be expressed by
formula (7):

o M
" = argmin{ | 1G" - 6P do).

popil=t "0

In formula (7), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
valuesof pare0, 1,.. ., M-1 successively, G “ is the second
radiation factor of the reference beam, G, ™" is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, d is the array element spacing expressed by the
carrier wavelength, and Iw, /=1 indicates a phase control
condition, that is, the beam codebook performs only phase
rotation for a signal without performing amplitude adjust-
ment.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam to obtain a

beam codebook of the reference beam may be expressed by
formula (8):

2m 8
W = argminf f G - G do). ®
0

In formula (8), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
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beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where

16
TABLE 1

Beam codebook phase table W2 when M = 4 and m = 2

. . 5
values of pare0, 1, ..., M-1 successively, G ™ is the second angle(w,, ) w2 w @2 w, 2 W,
radiation factor of the reference beam, G,“*™ the first radia- .
t101.1 factor of tl.le reference beam, 0 is the? angle of direction of Woun 2543478 2543478 2543478 2.543478
arrival, and d is the array element spacing expressed by the w 0.666591 2937387 2475 0.90421
. lenath 10 Lom
carrier wavelength.
5 . . . W m -2.47501 0.666584  -2.47501 0.666584
Step S113: Perform rotation processing on the obtained 059814 5 16893 5543457 0972661
. W =0, -2 . .
beam codebook of the reference beam to obtain a beam code- >
book of one or more other beams except the reference beam in
the target beams. s
In.some feasi‘.ble embodimen?s, a method for performing TABLE 2
rotation processing on the obtained beam codebook of the
. 8.2
reference beam to obtain a beam codebook of one or more Beam codebook phase table W when M =8 and m =2
other beams except the reference beam in the target beams angle(w, ) o W, o, Wy
may be expressed by formula (9): 20 -
Wo -1.71397  -171397  -171397  -1.71397
Wi -0.12566 1445133 3.01593  -1.69646
- W 2432319 -0.70927 2432319 -0.70927
angle(w,,,) = angle(wy) + pqz x. © W3 -1.57041  -3.1412 1571186 0.000389
m W 1571126 1571126 1571126 1571126
Ws -0.70925 0.861542 2432338  -2.28005
. 23 Wem 3.015939  -0.12565 3.015939  -0.12565
In formula (9), p is the sequence number of the actually W 1427697  -0.1431 17139 2.998494
generated beam signal channel, i is the sequence number of
the reference beam (as described above, in some feasible
TABLE 3
Beam codebook phase table W& when M =8 and m =4
angle () I G I )
Wom 1.097999  1.097999 1.097999 1097999 1.097999  1.097999 1.097999  1.097999
Wi -0.80326 -0.01786  0.767534 1552932 2.33833  3.123728 -2.37406 -1.58866
W 2.876721 -1.83567 -0.26487  1.305924 2.876721 -1.83567 -0.26487  1.305924
Wi -0.14156  2.214634 -1.71236  0.643838 3.000033 -0.92696  1.429236 -2.49775
Waom 3.000031 -0.14156  3.000031 -0.14156 3.000031 -0.14156  3.000031 -0.14156
WS -0.26486 -2.62106  1.305935 -1.05026 2.876731  0.520537 -1.83566  2.091333
We 2338348 0767551 -0.80325 -2.37404 2338348  0.767551 —0.80325 -2.37404
W -2.04349 -2.82889  2.668898 1.8835  1.098102 0.312704 -0.47269 -1.25809
embodiments, i may satisfy: i=m), M is the number of the TABLE 4

actually generated beam signal channels, m is the set number
of the target beam signal channels (as described above, in
some feasible embodiments, m may satisty: m<M), K is the
number of the target beams (as described above, in some
feasible embodiments, K may satisfy: K<2m), r is the
sequence number of the target beam, values of
pare0,1,...,M-1 successively, values ofrare0, 1, .. .,i-1,
i+1,...,K-1 successively, and angle(w,, ;) is a phase value of
the beam codebook of the reference beam.

In specific implementation, after the processing in step
S113 is performed, calculated beam codebooks of all the K
target beams may form a codebook matrix W&,

Table 1 describes a beam codebook W) when M=4 and
m=2, and Table 2 and Table 3 describe beam codebooks when
M=8 and m=2 and m=4. Table 4 and Table 5 describe code-
books W% and W* respectively, and Table 6 describes
a phase of a reference beam w,"">® in a codebook W%,
Remaining 15 beams in W"® may be obtained by using a
rotation formula (9). Table 7 is a phase table of reference
beams w,,%*?, w2 w_ 328 and w,,%'% in code-
books WE22), W24 W28 and WE219 and remaining
beams may also be obtained by using a rotation formula (9).
Data in the following tables is phase values of components in
a weighted vector.
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Beam codebook phase table W62 when M = 16 and m = 2

angle(w,,,) W62 w162 w,(162 w162
Wo 0004109  0.004109 0004109  0.004109
Wi 1369535 2940331  -1.77206  -0.20126
W3, -2.58467 0.556918  -2.58467 0.556918
W3, -1.238 -2.8088 1.90359 0.332793
W 1173554 1.173554 1173554  1.173554
W5, 3.138509  -1.57388  -0.00308 1567713
W6 0.356941  -2.78465 0356941  -2.78465
W -3.13988 1572512 0001715 -1.56908
W -0.12551  -0.12551  -012551  -0.12551
Wo 3.140859  -157153  -0.00073 1.570063
Wiom 0001151  -3.14044 0001151 -3.14044
Wiim -2.46699 2.245401 0674605  —-0.89619
Wiom 1497674 1497674 1497674 1497674
Wiam -0.13016 1.440635  3.011431  -1.70096
Wiagm -2.38034 076125 -2.38034 0.76125
W5 m 232215 0751353 -0.81944  -2.39024
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Beam codebook phase table W' when M = 16 and m = 4

angle (W,,,) Wl w6 U6H Ay a8 deh  y dsh g d6d
Wo -2.32902  -2.32902 -2.32902 232902 -2.32902 -2.32902 -2.32902 -2.32902
Wi -0.72684  0.058557 0.843955 1.629353 2.414752 -3.08304 -2.29764 -1.51224
W 1726359 -2.98603 -1.41523  0.155563 1.726359 -2.98603 -1.41523  0.155563
W3 -1.83171  0.524482 2.880677 -1.04631  1.30988 -2.61711 -0.26092  2.095279
W 0.987884 -2.15371  0.987884 -2.15371  0.987884 -2.15371  0.987884 -2.15371
Ws —2.70476 1222226 -1.13397 2793023 0.436828 -1.91937  2.007625 -0.34857
W 0.24525 -1.32555 -2.89634  1.816046 0.24525 -1.32555 -2.89634  1.816046
W -3.12172  2.376065 1.590667 0.805269 0.019871 -0.76553 -1.55093 -2.33632
W 0.021047  0.021047 0.021047 0.021047 0.021047 0.021047 0.021047  0.021047
Wo -2.89678 -2.11139 -1.32599 -0.54059  0.244808 1.030206 1.815604 2.601002
Wiom 0.436683 2.00748 -2.70491 -1.13411  0.436683 2.00748 -2.70491 -1.13411
W) -2.15356  0.202633 2.558828 136816  0.988032 -2.93896 -0.58276  1.77343
Wiom 1309601 -1.83199  1.309601 -1.83199  1.309601 -1.83199  1.309601 -1.83199
W13 ~1.41545 2511536 0.155342 -2.20085  1.726138 -0.63006 -2.98625  0.94074
Widm 241475 0.843953 -0.72684 -2.29764 241475  0.843953 -0.72684 -2.29764
W5 0.812296 0.026898 —0.7585  -1.5439  -2.3293  -3.11469  2.383092 1.597694

20
TABLE 6 TABLE 7-continued
Phase table of a reference beam wg'¢® in a beam codebook Phase table of reference beams w4,322, w4,32%,
phase table W when M = 16 and m = 8 w1,028 and w8210 in W22 W32 w628 apd w16
angle(Wiym) WS(IG’S) 25 angle (Wi,m) W2(32’2) W4(32’4) W8(32,8) W16(32,16)
W m 1.48566 Wa3m -1.128 0.409591 1202516  -2.60438
W 2.35508 Wodm -0.00629 1.496761 1255272 -2.51397
W -3.0974 W5 0442729  1.502701 1518584  —2.48864
Wim -2.8503 Wagm 2460706 2339379 1749315 -2.39316
Wep -2.596 30 Wyt -220354  -3.0853 1.889638 243332
WS -2.4662 W -1.475 -2.38158 2.619001  -1.10009
We -2.3933 W20 m -1.09005  -2.40987 2613634 -0.9933
W -2.3912 W30.m -0.00539  -127429  -2.69211 -0.95418
Weom ~2.3912 W3l m 0.578074  -0.18872  -1.64511 -0.87859
Wo -2.3933
Wi0om -2.4662 35 . . .
W11 -2.596 FIG. 2 is a schematic flowchart of a first embodiment of a
W12 m -2.8503 beam search method according to the present invention. In
Wi3m -3.0974 specific implementation, the beam search method of the
314’" f'iggi present invention performs beam search by using a beam
e ' 40 codebook generated according to the foregoing beam code-
book generation method of the present invention. It can be
learned from the beam codebook generation method of the
TABLE 7 present invention that, when the number of actually generated
Phase table of reference beams w.. 22 . (G2 beam signal channels is M and the number of target beam
w329 _and wy, G219 in W22 Wwe2h we28 5nd wi1e 45 signal channels is m, the beam codebook generation method
o) ot ) o6 of the present invention may be used to obtain:
angle (W) W2 W Vs Wis W, when a value of m varies, different beam codebook
Wom -2.09151  -0.18872  -1.64511 ~0.87859 matrices may be obtained. As shown in FIG. 2, the beam
Wi 2396916 -1.27429  -2.69211 -0.95418 search method of the present invention may include the fol-
W 2990607  -2.40987 2613634 -0.9933 50 gL
W3 2759628  -2.38158 2619001  -1.10009 owing steps: )
Waom 1378956  -3.0853 1.889638  -2.43332 Step S210: Perform beam search by using a beam code-
Wsm 1.043162 2339379 1.749315  -2.39316 book as a beam search condition to obtain a current optimal
g"”" 8'13329 }'282;2} };ggg _i'gfggi beam pair, where the beam codebook is calculated when the
7 -U. E E -2 . . .
WS: _0.12855 0.409591 1202516  -2.60438 55 number of target beam signal channels is 2, record a main lobe
Wom 0.209585 0.392387 0.898705 -2.65822 direction of an optimal beam, and initialize a search counter
Wiom 118186 —0.45885 0.626391  -2.74666 t0 a=1
Wipm -247411  -0.01319 0496438  -2.81305 ’ .
N 1261557  —0.07104 0.36631 290377 It can be learned from the beam codebook generation
Wi3m 1141712 -0.41108 0.238044  -2.94992 method of the present invention that, in step S210, a beam
Wiapm 154101 —0.43204 0.196097  -2.98562 codebook W is used as a beam search condition for per-
Wisom ~1.44099  —0.46641 0125402  -2.99875 0 . P
Wiem _298037  -0.46641 0.125402  -2.99875 forming beam search. . .
W17 m -3.12825 -0.43204 0.196097  -2.98562 Step S211: Increase the search counter a with an increment
Wigm -1.98384  -041108 0.238044  -2.94992 of 1, continue to perform the beam search by using a beam
Wigm -1.04082  -0.07104 0.36631 -2.90377 - :
w 148009 —0.01319 0496438 —281305 codebook as a beam search condition to obtain a current
Wi’: ~1.5917 _0.45885 0.626391  —2.74666 65 optimal beam pair, where the beam codebook is calculated
Wom -1.17638 0.392387 0.898705  -2.65822 when the number of the target beam signal channels is 2%, and

record the main lobe direction of the optimal beam.
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Step S212: Determine whether the number of the target
beam signal channels is equal to the number of the actually
generated beam signal channels; if a result of the determining
is yes, end the search and use a current optimal beam pair,
which is recorded when the search is ended, as an optimal
beam pair; if the result of the determining is no, return to
perform step S211.

It can be learned from the beam codebook generation
method of the present invention that, in step S211, beam
codebooks WA Ws - WMM2) are yged succes-
sively as a beam search condition for performing beam
search.

To better implement each solution of the method embodi-
ment of the present invention, the embodiments of the present
invention further provide related apparatuses.

FIG. 3 is a schematic diagram of structural composition of
a first embodiment of a beam codebook generation apparatus
applicable to implementation of the method embodiment of
the present invention according to the present invention. As
shown in FIG. 3, the beam codebook generation apparatus 3
of the present invention may include an array response factor
obtaining unit 31, a radiation factor obtaining unit 32, a first
beam codebook obtaining unit 33, and a second beam code-
book obtaining unit 34, where

the array response factor obtaining unit 31 is configured to
calculate a first array response factor of a reference beam with
a specified sequence number in target beams according to the
number of actually generated beam signal channels, and cal-
culate a second array response factor of the reference beam in
the target beams according to the preset number of target
beam signal channels;

the radiation factor obtaining unit 32 is configured to per-
form radiated power normalization processing on the first
array response factor, which is obtained by the array response
factor obtaining unit 31, to obtain a first radiation factor of the
reference beam, and perform radiated power normalization
processing on the second array response factor, which is
obtained by the array response factor obtaining unit 31, to
obtain a second radiation factor of the reference beam;

the first beam codebook obtaining unit 33 is configured to
perform normalization processing on the first radiation factor
and the second radiation factor of the reference beam, which
are obtained by the radiation factor obtaining unit 32, to
obtain a beam codebook of the reference beam; and

the second beam codebook obtaining unit 34 is configured
to perform rotation processing on the beam codebook of the
reference beam to obtain a beam codebook of one or more
other beams except the reference beam in the target beams,
where the beam codebook of the reference beam is obtained
by the first beam codebook obtaining unit 33.

Optionally, the beam codebook generation apparatus of the
present invention further includes a setting unit, which is
configured to set the number of the target beam signal chan-
nels and the sequence number of the reference beam.

In some feasible embodiments, the beam signal channels in
the present invention may be antenna array element channels
or filter channels or other beam signal channels that are
formed by other devices capable of generating beam chan-
nels, and an antenna array element may be an antenna array
element formed of phased array antennas. When beam signal
channels are antenna array element channels, the number of
the beam signal channels may be the number of antenna array
elements.

In some feasible embodiments, the value of the number of
the target beam signal channels, which is set in the present
invention, may be less than or equal to the number of the
actually generated beam signal channels. For example, using
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the number of antenna array elements as an example for
description, and assuming that the number of actual antenna
array elements is M (M is a positive integer) and the set
number of the target antenna array elements is m (m is a
positive integer), in some feasible embodiments, m and M
may satisfy a condition: m<M.

In some feasible embodiments, the number of the target
beams corresponds to the set number of the target beam signal
channels. Generally, the number of the target beams may be
less than or equal to twice of the number of the target beam
signal channels, and the sequence number of the reference
beam in the target beams may be less than or equal to the
number of the target beam signal channels. For example,
description is given by using an example in which the number
of the actual antenna array elements is M (M is a positive
integer), the number of the target antenna array elements is m
(m is a positive integer), the number of the target beams are K
(K is a positive integer), and the sequence number of the
reference beam is i, in some feasible embodiments, K<2m
and i=m.

In some feasible embodiments, a method for calculating
the first array response factor of the reference beam in the
target beams by the array response factor obtaining unit 31
according to the number of the actually generated beam sig-
nal channels may be expressed by formula (2):

M-1 p
(M) _ H _ % 27psing
AF; =wi'a(f) = E w;yie’/\ .
p=0

@

In formula (2), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), W, is an array weighted vector of the
reference beam in a beam codebook matrix, H and * indicate
conjugate transpose and conjugate respectively, p is a
sequence number of an actually generated beam signal chan-
nel, where valuesof pare 0, 1,. .., M-1 successively, M is the
number of the actually generated beam signal channels, m is
the set number of the target beam signal channels (as
described above, in some feasible embodiments, m may sat-
isfy: m<M), 0 is an angle of direction of arrival, a(0) is a
steering vector of a received signal, and d and A are array
element spacing and a carrier wavelength respectively.

In some feasible embodiments, w,, may be obtained
according to formula (1) or another known array weighted
vector calculation method, which is not detailed here.

In some feasible embodiments, a method for calculating
the second array response factor of the reference beam in the
target beams by the array response factor obtaining unit 31
according to the number of the actually generated beam sig-
nal channels may be expressed by formula (3):

m-1 g 3)
AE_(m) - W{-la(e) — Z WZ"_E]XZ:/rpsanI
q=0

In formula (3), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), W, is the array weighted vector of the
reference beam in the beam codebook matrix, H and * indi-
cate conjugate transpose and conjugate respectively, q is a
sequence number of a target beam signal channel, where
values of qare0, 1, ..., m-1 successively, m is the set number
of the target beam signal channels (as described above, in



US 9,160,433 B2

21

some feasible embodiments, m may satisfy: m<M), 6 is the
angle of direction of arrival, a(0) is the steering vector of the
received signal, and d and A are the array element spacing and
the carrier wavelength respectively.

In some feasible embodiments, w,, may be obtained
according to formula (1) or another known array weighted
vector calculation method, which is not detailed here.

In some feasible embodiments, a method for performing
radiated power normalization processing on the first array
response factor by the radiation factor obtaining unit 32 to
obtain a first radiation factor of the reference beam may be
expressed by formula (4):

larf )

gMm _ AT T
( .
mx [IAFM™ | g0

In formula (4), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), AF,**™ is the first array response factor of
the reference beam, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
radiated power normalization processing on the second array
response factor by the radiation factor obtaining unit 32 to
obtain a second radiation factor of the reference beam may be
expressed by formula (5):

IAF™I )

g(rn) — .
C o mx JIAF™ de

In formula (5), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: ism), AF,*™ is the second array response factor
of' the reference beam, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam by the first
beam codebook obtaining unit 33 to obtain a beam codebook
of the reference beam may be expressed by formula (6):

(M.m) (6)

w; arg min

bop,ml=1

([T -t as)
0

In formula (6), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
valuesof pare 0,1, ..., M-1 successively, G " is the second
radiation factor of the reference beam, G,**™ is the first
radiation factor of the reference beam, 0 is the angle of direc-
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tion of arrival, d is the array element spacing expressed by the
carrier wavelength, and Iw,, |=1 indicates the phase control
condition, that is, the beam codebook performs only phase
rotation for a signal without performing amplitude adjust-
ment.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam by the first
beam codebook obtaining unit 33 to obtain a beam codebook
of the reference beam may be expressed by formula (7):

(M,m) : @)
w; arg min

‘Wp,i‘zl

([,
0

In formula (7), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
values of pare 0, 1, ..., M-1 successively, G ™ is the second
radiation factor of the reference beam, G, ™" is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, d is the array element spacing expressed by the
carrier wavelength, and Iw, =1 indicates a phase control
condition, that is, the beam codebook performs only phase
rotation for a signal without performing amplitude adjust-
ment.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam by the first
beam codebook obtaining unit 33 to obtain a beam codebook
of the reference beam may be expressed by formula (8):

2m 8
wf* Margmin{ f 1" - 6" o). ®
0

In formula (8), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
valuesof pare0, 1,.. ., M-1 successively, § “ is the second
radiation factor of the reference beam, G, ™" is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
rotation processing on the obtained beam codebook of the
reference beam by the second beam codebook obtaining unit
34 to obtain a beam codebook of one or more other beams
except the reference beam in the target beams may be
expressed by formula (9):

ga-m ®

angle(wp, ) = angle(w, ;) + p m 7.

In formula (9), p is the sequence number of the actually
generated beam signal channel, i is the sequence number of



US 9,160,433 B2

23

the reference beam (as described above, in some feasible
embodiments, i may satisfy: i=m), M is the number of the
actually generated beam signal channels, m is the set number
of the target beam signal channels (as described above, in
some feasible embodiments, m may satisty: m<M), K is the
number of the target beams (as described above, in some
feasible embodiments, K may satisfy: K<2m), r is the
sequence number of the target beam, values of p are
0,1, ..., M-1 successively, values of rare 0, 1, . . ., i-1,
i+1,...,K-1successively, and angle(w,, ;) is a phase value of
the beam codebook of the reference beam.

In specific implementation, after the processing is per-
formed by the beam codebook generation apparatus of the
present invention, calculated beam codebooks of all the K
target beams may form a codebook matrix W&,

FIG. 4 is a schematic diagram of structural composition of
afirst embodiment of a beam search apparatus 4 applicable to
implementation of the method embodiment of the present
invention according to the present invention. As shown in
FIG. 4, the beam search apparatus 4 of the present invention
may include a setting unit 41, a searching unit 42, and a
controlling unit 43, where:

the setting unit 41 is configured to set a search counter and
initialize the search counter to a=1;

the searching unit 42 is configured to: perform beam search
by using a beam codebook as a beam search condition to
obtain a current optimal beam pair, where the beam codebook
is generated by a beam codebook generation apparatus when
the number of target beam signal channels are 2a, where the
beam codebook generation apparatus is provided in this
embodiment of present invention; and record a main lobe
direction of an optimal beam; and

the controlling unit 43 is configured to: after each time the
searching unit 42 performs the beam search by using the beam
codebook as the beam search condition, where the beam
codebook is generated when the number of target beam signal
channels are 2%, control the setting unit 41 to increase the
search counter with an increment of 1, and determine whether
the number of the target beam signal channels obtained after
the increase of the search counter is equal to the number of
actually generated beam signal channels, and, ifa result of the
determining is yes, instruct the searching unit 42 to continue
to perform the beam search by using the beam codebook as
the beam search condition, where the beam codebook is gen-
erated when the number of target beam signal channels are 2%,
and, if the result of the determining is no, instruct the search-
ing unit 42 to end the search, and use a current optimal beam
pair, which is recorded when the search is ended, as an opti-
mal beam pair.

It can be learned from the beam codebook generation
method and apparatus of the present invention that, when the
number of actually generated beam signal channels is M and
the number of target beam signal channels is m, the beam
codebook generation method and apparatus of the present
invention may be used to obtain:

WO when a value of m varies, different beam codebook
matrices may be obtained. The searching unit 42 uses beam
codebooks W WL® - WMM2) 49 4 heam search
condition successively for performing beam search.

FIG. 5 is a schematic diagram of structural composition of
afirstembodiment of a beam search system 5 according to the
present invention. As shown in FIG. 5, the beam search sys-
tem 5 of the present invention may include the beam code-
book generation apparatus 3 of the present invention and the
beam codebook search apparatus 4 of the present invention,
where structures and features of the beam codebook genera-
tion apparatus 3 and the beam codebook search apparatus 4
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are the same as those described in the foregoing embodiments
and are not described repeatedly here.

It can be learned from the foregoing description that, in
some feasible implementation manners of the present inven-
tion, the number of target beam signal channels is set, and a
beam codebook is calculated based on the number of actually
generated beam signal channels and the set number of the
target beam signal channels, where the beam codebook is
generated under a circumstance of the number of the actually
generated beam signal channels, where the circumstance is
equivalent to a circumstance of the number of the target beam
signal channels, so that when beam search is performed by
using the generated beam codebook, all actual beam signal
channels may be used, and it is unnecessary to perform acti-
vation and deactivation control on a single beam signal chan-
nel, which reduces hardware implementation difficulty.

In specific implementation, the present invention further
provides a computer storage medium, where the computer
storage medium may store a program, and, when the program
is executed, some or all of the steps of each embodiment of the
beam codebook generation method provided in the present
invention may be performed.

In specific implementation, the present invention further
provides a computer storage medium, where the computer
storage medium may store a program, and, when the program
is executed, some or all of the steps of each embodiment of the
beam codebook search method provided in the present inven-
tion may be performed.

In specific implementation, as shown in FIG. 6, the present
invention further provides a network device 6, which may
include: an input apparatus 61, an output apparatus 62, a
memory 63, and a processor 64 (in specific implementation,
there may be multiple processors 64 of the network device 6,
and only one processor is given in FIG. 6 as an example for
description).

In some feasible embodiments of the present invention, the
input apparatus 61, the output apparatus 62, the memory 63,
and the processor 64 may be connected by using a bus or by
other manners, and bus connection is used as an example in
FIG. 6.

In some feasible embodiments of the present invention, the
processor 64 may perform the following steps:

calculating a first array response factor of a reference beam
with a specified sequence number in target beams according
to the number of actually generated beam signal channels,
and calculating a second array response factor of the refer-
ence beam in the target beams according to the preset number
of target beam signal channels;

performing radiated power normalization processing on
the first array response factor to obtain a first radiation factor
of the reference beam, and performing radiated power nor-
malization processing on the second array response factor to
obtain a second radiation factor of the reference beam;

performing normalization processing on the obtained first
radiation factor and second radiation factor of the reference
beam to obtain a beam codebook of the reference beam; and

performing rotation processing on the obtained beam code-
book of the reference beam to obtain a beam codebook of one
or more other beams except the reference beam in the target
beams.

In some feasible embodiments, the memory 63 stores
information such as the number of the target beam signal
channels and the sequence number of the reference beam,
which need to be used by the processor 64. In some feasible
embodiments, a value of the number of the target beam signal
channels is less than or equal to the number of the actually
generated beam signal channels, and the sequence number of
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the reference beam in the target beams is less than or equal to
the number of the target beam signal channels.

In some feasible embodiments, a method for calculating
the first array response factor of the reference beam in the
target beams by the processor 64 according to the number of
the actually generated beam signal channels may be
expressed by formula (2):

@

M-l .d .
AF‘{M,m) - W‘ﬁa(e) - Z W;yiej;\'ZﬂpxthI

p=0

In formula (2), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), W, is an array weighted vector of the
reference beam in a beam codebook matrix, H and * indicate
conjugate transpose and conjugate respectively, p is a
sequence number of an actually generated beam signal chan-
nel, where valuesof pare 0, 1,. .., M-1 successively, M is the
number of the actually generated beam signal channels, m is
the set number of the target beam signal channels (as
described above, in some feasible embodiments, m may sat-
isfy: m<M), 0 is an angle of direction of arrival, a(0) is a
steering vector of a received signal, and d and A are array
element spacing and a carrier wavelength respectively.

In some feasible embodiments, w,, may be obtained
according to formula (1) or another known array weighted
vector calculation method, which is not detailed here.

In some feasible embodiments, a method for calculating
the second array response factor of the reference beam in the
target beams by the processor 64 according to the number of
the actually generated beam signal channels may be
expressed by formula (3):

M-1 3
AFT =yl () = Z W _ej%mmne ©)
i i i .

=0

In formula (3), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), W, is the array weighted vector of the
reference beam in the beam codebook matrix, H and * indi-
cate conjugate transpose and conjugate respectively, q is a
sequence number of a target beam signal channel, where
values ofqare0, 1, ..., m-1 successively, m is the set number
of the target beam signal channels (as described above, in
some feasible embodiments, m may satisfy: m<M), 6 is the
angle of direction of arrival, a(0) is the steering vector of the
received signal, and d and A are the array element spacing and
the carrier wavelength respectively.

In some feasible embodiments, w,, may be obtained
according to formula (1) or another known array weighted
vector calculation method, which is not detailed here.

In some feasible embodiments, a method for performing
radiated power normalization processing on the first array
response factor by the processor 64 to obtain a first radiation
factor of the reference beam may be expressed by formula (4):

lAFM “

GMm _
‘ _ Ak
mx [lAFM™) de
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In formula (4), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: ism), AF,**™ is the first array response factor of
the reference beam, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
radiated power normalization processing on the second array
response factor by the processor 64 to obtain a second radia-
tion factor of the reference beam may be expressed by for-
mula (5):

laF™’* ©)

{E(m) — .
mx [IAF | a0

In formula (5), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), AF,"™ is the second array response factor
of' the reference beam, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam by the
processor 64 to obtain a beam codebook of the reference
beam may be expressed by formula (6):

(M,m) : (6)
w; arg min

bopml=1

([T -t as).
0

In formula (6), i is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
valuesof pare0, 1,..., M-1 successively, G “ is the second
radiation factor of the reference beam, G,*" is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, d is the array element spacing expressed by the
carrier wavelength, and |w,, /=1 indicates the phase control
condition, that is, the beam codebook performs only phase
rotation for a signal without performing amplitude adjust-
ment.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam by the
processor 64 to obtain a beam codebook of the reference
beam may be expressed by formula (7):

7
Wi arg min @

‘Wp,i‘zl

"G - i)
[ }

In formula (7), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
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beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
values of pare 0, 1, . .., M-1 successively, G ™ is the second
radiation factor of the reference beam, G,**™ is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, d is the array element spacing expressed by the
carrier wavelength, and Iw,;|=1 indicates a phase control
condition, that is, the beam codebook performs only phase
rotation for a signal without performing amplitude adjust-
ment.

In some feasible embodiments, a method for performing
normalization processing on the obtained first radiation factor
and second radiation factor of the reference beam by the
processor 64 to obtain a beam codebook of the reference
beam may be expressed by formula (8):

2m 8
wf* Margmin{ f iG" - G o). ®
0

In formula (8), 1 is the sequence number of the reference
beam (as described above, in some feasible embodiments, i
may satisfy: i=m), M is the number of the actually generated
beam signal channels, m is the set number of the target beam
signal channels (as described above, in some feasible
embodiments, m may satisfy: m<M), p is the sequence num-
ber of the actually generated beam signal channel, where
valuesof pare 0,1, ..., M-1 successively, § " is the second
radiation factor of the reference beam, G,**™ is the first
radiation factor of the reference beam, 0 is the angle of direc-
tion of arrival, and d is the array element spacing expressed by
the carrier wavelength.

In some feasible embodiments, a method for performing
rotation processing on the obtained beam codebook of the
reference beam by the processor 64 to obtain a beam code-
book of one or more other beams except the reference beam in
the target beams may be expressed by formula (9):

g-m )

o .

angle(w,,,) = angle(w,) + p

In formula (9), p is the sequence number of the actually
generated beam signal channel, i is the sequence number of
the reference beam (as described above, in some feasible
embodiments, i may satisfy: i=m), M is the number of the
actually generated beam signal channels, m is the set number
of the target beam signal channels (as described above, in
some feasible embodiments, m may satisty: m<M), K is the
number of the target beams (as described above, in some
feasible embodiments, K may satisfy: K<2m), r is the

sequence number of the target beam, values of p are O,
1, ..., M-1 successively, values of rare 0, 1, . . ., i-1,
i+1,...,K-1successively, and angle(w,, ;) is a phase value of

the beam codebook of the reference beam.

It can be learned from the foregoing description that, in
some feasible implementation manners of the present inven-
tion, a network device 6 sets the number of target beam signal
channels, and calculates a beam codebook based on the num-
ber of actually generated beam signal channels and the set
number of the target beam signal channels, where the beam
codebook is generated under a circumstance of the number of
the actually generated beam signal channels, where the cir-
cumstance is equivalent to a circumstance of the number of
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the target beam signal channels, so that when beam search is
performed by using the generated beam codebook, all actual
beam signal channels may be used, and it is unnecessary to
perform activation and deactivation control on a single beam
signal channel, which reduces hardware implementation dif-
ficulty.

In specific implementation, as shown in FIG. 7, the present
invention further provides a network device 7, which may
include: an input apparatus 71, an output apparatus 72, a
memory 73, and a processor 74 (in specific implementation,
the processors 74 of the network device 7 may be plural, and
only one processor is given in FIG. 7 as an example for
description).

In some feasible embodiments of the present invention, the
input apparatus 71, the output apparatus 72, the memory 73,
and the processor 74 may be connected by using a bus or by
other manners, and bus connection is used as an example in
FIG. 7.

In some feasible embodiments of the present invention, the
processor 74 may perform the following steps:

(1) performing beam search by using a beam codebook as
abeam search condition to obtain a current optimal beam pair,
where the beam codebook is calculated when the number of
target beam signal channels is 2, recording a main lobe direc-
tion of an optimal beam, and initializing a search counter to
a=l1; it can be learned from the beam codebook generation
method of the present invention that, in this step, a beam
codebook W??) is used as a beam search condition for per-
forming beam search;

(2) increasing the search counter a with an increment of 1,
continuing to perform the beam search by using a beam
codebook as a beam search condition to obtain a current
optimal beam pair, where the beam codebook is calculated
when the number of the target beam signal channels is 2%, and
recording the main lobe direction of the optimal beam; and

(3) determining whether the number of the target beam
signal channels is equal to the number of actually generated
beam signal channels; if a result of the determining is yes,
ending the search and using a current optimal beam pair,
which is recorded when the search is ended, as an optimal
beam pair; if the result of the determining is no, returning to
perform step (2).

It can be learned from the beam codebook generation
method of the present invention that, in step (2), beam code-
books WA WS - WAMM2) are nsed successively as
a beam search condition for performing beam search.

It can be learned from the foregoing description that, in
some feasible implementation manners of the present inven-
tion, when a network device 7 performs beam search by using
abeam codebook generated according to the beam generation
method of the present invention, all actual beam signal chan-
nels may be used, and it is unnecessary to perform activation
and deactivation control on a single beam signal channel,
which reduces hardware implementation difficulty.

What are enumerated above are merely exemplary embodi-
ments of the present invention, and certainly, are not intended
to limit the protection scope of the present invention. Any
equivalent variations made according to the claims of the
present invention shall still fall within the scope of the present
invention.

What is claimed is:

1. A beam codebook generation method, comprising:

calculating a first array response factor of a reference beam
with a specified sequence number in target beams
according to the number of actually generated beam
signal channels, and calculating a second array response
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factor of the reference beam in the target beams accord-
ing to the preset number of target beam signal channels;

performing radiated power normalization processing on
the first array response factor to obtain a first radiation
factor of the reference beam, and performing radiated
power normalization processing on the second array
response factor to obtain a second radiation factor of the
reference beam;

performing normalization processing on the obtained first

radiation factor and second radiation factor of the refer-
ence beam to obtain a beam codebook of the reference
beam; and

performing rotation processing on the obtained beam code-

book of the reference beam to obtain a beam codebook
of'one or more other beams except the reference beam in
the target beams.

2. The beam codebook generation method according to
claim 1, wherein a value of the number of the target beam
signal channels is less than or equal to the number of the
actually generated beam signal channels.

3. The beam codebook generation method according to
claim 1, wherein the number of the target beams is less than or
equal to twice of the number of the target beam signal chan-
nels, and the sequence number of the reference beam in the
target beams is less than or equal to the number of the target
beam signal channels.

4. The beam codebook generation method according to
claim 1, the calculating a first array response factor of a
reference beam with a specified sequence number in target
beams according to the number of actually generated beam
signal channels comprises:

calculating the first array response factor of the reference

beam in the target beams according to a formula

M-1 a4
(Mum) _ H _ i< 27 psing
AR = wha@) = " wh P
q=0

wherein

iis the sequence number of the reference beam, AF, %" is
a first array response factor of a reference beam with a
sequence number i, W, is an array weighted vector of the
reference beam in a beam codebook matrix, p is a
sequence number of an actually generated beam signal
channel, M is the number of the actually generated beam
signal channels, m is the set number of target beam
signal channels, 0 is an angle of direction of arrival, a(0)
is a steering vector of a received signal, and d and A are
array element spacing and a carrier wavelength respec-
tively; and

the calculating a second array response factor of the refer-
ence beam in the target beams according to the preset
number of target beam signal channels comprises:

calculating the second array response factor of the refer-
ence beam in the target beams according to a formula

m _ H (S 42npsing
. gl

AFf =wi a(f) = E Wy e’k s
q=0

wherein
iis the sequence number of the reference beam, AF," is a
second array response factor of the reference beam with
the sequence number i, W, is the array weighted vector of
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the reference beam in the beam codebook matrix, H and
* indicate conjugate transpose and conjugate respec-
tively, q is a sequence number of a target beam signal
channel, wherein values of qare 0, 1, . . . , m-1 succes-
sively, m is the set number of the target beam signal
channels, 0 is the angle of direction of arrival, a(0) is the
steering vector of the received signal, and d and A are the
array element spacing and the carrier wavelength
respectively.

5. The beam codebook generation method according to
claim 4, wherein the performing radiated power normaliza-
tion processing on the first array response factor to obtain a
first radiation factor of the reference beam comprises:

calculating the first radiation factor of the reference beam

according to a formula

laFM)?

GMm _
o -
mx fIAFM™ | 4o

wherein

i is the sequence number of the reference beam, G,**™ is
a first radiation factor of the reference beam with the
sequence number i, AF,**" is the first array response
factor of the reference beam, m is the set number of the
target beam signal channels, 0 is the angle of direction of
arrival, and d is the array element spacing expressed by
the carrier wavelength; and

the performing radiated power normalization processing
on the second array response factor to obtain a second
radiation factor of the reference beam comprises:

calculating the second radiation factor of the reference
beam according to a formula

2
NAF|

g(m) I e R
mx fIAF™ | a6

wherein

i1is the sequence number of the reference beam, ZZ [Misa
second radiation factor of the reference beam with the
sequence number i, AF,"™ is the second array response
factor of the reference beam, m is the set number of the
target beam signal channels, 0 is the angle of direction of
arrival, and d is the array element spacing expressed by
the carrier wavelength.

6. The beam codebook generation method according to
claim 5, wherein the performing normalization processing on
the obtained first radiation factor and second radiation factor
of the reference beam to obtain a beam codebook of the
reference beam comprises:

calculating the beam codebook of the reference beam

according to a formula

27
. . 2
Wit = argmm{ G — GMm) d@},
op,if=1 0

wherein
i is the sequence number of the reference beam, w;
a beam codebook of the reference beam with the
sequence number i, M is the number of the actually
generated beam signal channels, m is the set number of

@Lm) 1g
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the target beam signal channels, p is the sequence num-
ber of the actually generated beam signal channel,
wherein values of p are 0, 1, . . ., M-1 successively,

§;— " is the second radiation factor of the reference
beam, G, is the first radiation factor of the reference
beam, 6 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength,
and Iw, |=1 indicates a phase control condition.

7. The beam codebook generation method according to
claim 5, wherein the performing normalization processing on
the obtained first radiation factor and second radiation factor
of the reference beam to obtain a beam codebook of the
reference beam comprises:

calculating the beam codebook of the reference beam

according to a formula

2
) = argminf | G - G0 do)),
‘Wp,i‘zl 0

wherein
iis the sequence number of the reference beam, w,
a beam codebook of the reference beam with the
sequence number i, M is the number of the actually
generated beam signal channels, m is the set number of
the target beam signal channels, p is the sequence num-
ber of the actually generated beam signal channel,
wherein values of p are 0, 1, . . ., M-1 successively,

@Lm) 1g

§;— [ is the second radiation factor of the reference
beam, G,**™ is the first radiation factor of the reference
beam, 6 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength,
and w,, ;/=1 indicates a phase control condition.

8. The beam codebook generation method according to
claim 5, wherein the performing normalization processing on
the obtained first radiation factor and second radiation factor
of the reference beam to obtain a beam codebook of the
reference beam comprises:

calculating the beam codebook of the reference beam

according to a formula

21
W acgrminf [ 1G — GMm ag),
‘Wp,i‘zl 0

wherein
iis the sequence number of the reference beam, w,*™ is
the beam codebook of the reference beam with the
sequence number i, M is the number of the actually
generated beam signal channels, m is the set number of
the target beam signal channels, p is the sequence num-
ber of the actually generated beam signal channel,
wherein values of p are 0, 1, . . ., M-1 successively,

§;— ™ is the second radiation factor of the reference
beam, G, is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, and d is the
array element spacing expressed by the carrier wave-
length.
9. The beam codebook generation method according to
claim 5, wherein the performing rotation processing on the
obtained beam codebook of the reference beam to obtain a
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beam codebook of one or more other beams except the refer-
ence beam in the target beams comprises:
calculating the beam codebook of one or more other beams
except the reference beam in the target beams according
5 to a formula

g-m
angle(wp,,) = angle(w,;) + pwn,
10

wherein

p is the sequence number of the actually generated beam
signal channel, i is the sequence number of the reference
beam, angle(w, ) is a phase value of a beam codebook
of a beam with a sequence number r, M is the number of
the actually generated beam signal channels, m is the set
number of the target beam signal channels, K is the
number of target beams, r is a sequence number of a
target beam, values of p are 0, 1, . . ., M-1 successively,
values ofrare 0, 1,...,i-1,i+1, ..., K-1 successively,
and is a phase value of the beam codebook of the refer-
ence beam.

10. A beam codebook generation apparatus, comprising:

an array response factor obtaining unit, configured to cal-
culate a first array response factor of a reference beam
with a specified sequence number in target beams
according to the number of actually generated beam
signal channels, and calculate a second array response
factor of the reference beam in the target beams accord-
ing to the preset number of target beam signal channels;

a radiation factor obtaining unit, configured to perform
radiated power normalization processing on the first
array response factor, which is obtained by the array
response factor obtaining unit, to obtain a first radiation
factor of the reference beam, and perform radiated
power normalization processing on the second array
response factor, which is obtained by the array response
factor obtaining unit, to obtain a second radiation factor
of the reference beam;

a first beam codebook obtaining unit, configured to per-
form normalization processing on the first radiation fac-
tor and the second radiation factor of the reference beam,
which are obtained by the radiation factor obtaining unit,
to obtain a beam codebook of the reference beam; and

a second beam codebook obtaining unit, configured to
perform rotation processing on the beam codebook of
the reference beam to obtain a beam codebook of one or
more other beams except the reference beam in the target
beams, wherein the beam codebook of the reference
beam is obtained by the first beam codebook obtaining
unit.

11. The beam codebook generation apparatus according to

claim 10, further comprising:

a setting unit, configured to set the number of the target
beam signal channels and the sequence number of the
reference beam, wherein a value of the set number of the
target beam signal channels is less than or equal to the
number of the beam signal channels.

12. The beam codebook generation apparatus according to
claim 10, wherein the setting unit sets the sequence number of
the reference beam to be less than or equal to the number of
the target beam signal channels.

13. The beam codebook generation apparatus according to
claim 10, wherein the array response factor obtaining unit is
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specifically configured to calculate the first array response
factor of the reference beam in the target beams according to
a formula

M-1 4
AE_(M,m) - W{-la(e) - Z W;ej;\'Zﬂpxth’
p=0

wherein

iis the sequence number of the reference beam, AF, %" is
a first array response factor of a reference beam with a
sequence number i, W, is an array weighted vector of the
reference beam in a beam codebook matrix, H and *
indicate conjugate transpose and conjugate respectively,
p is a sequence number of an actually generated beam
signal channel, wherein values of p are 0, 1, .. ., M-1
successively, M is the number of the actually generated
beam signal channels, m is the set number of target beam
signal channels, 0 is an angle of direction of arrival, a(0)
is a steering vector of a received signal, and d and A are
array element spacing and a carrier wavelength respec-
tively; and

the array response factor obtaining unit is specifically con-

figured to: according to a formula

m _ H (S 42npsing
. gl

AFf =wi a(f) = E Wy e’k s
=0

calculate the second array response factor of the reference
beam in the target beams, wherein
i is the sequence number of the reference beam, AF, " is

the second array response factor of the reference beam
with the sequence number i, W, is the array weighted
vector of the reference beam in the beam codebook
matrix, H and * indicate conjugate transpose and conju-
gate respectively, q is a sequence number of a target
beam signal channel, wherein values of qare 0, 1, . . .,
m-1 successively, m is the set number of the target beam

signal channels, 0 is the angle of direction of arrival, a(0)
is the steering vector of the received signal, and d and A
are the array element spacing and the carrier wavelength
respectively.

14. The beam codebook generation apparatus according to
claim 13, wherein the radiation factor obtaining unit is spe-
cifically configured to calculate the first radiation factor of the
reference beam in the target beams according to a formula

2
ar™)

GiMm _
o o
mx fIAFM ™I do

wherein

iis the sequence number of the reference beam, G,**™ is
a first radiation factor of the reference beam with the
sequence number i, AF,*" is the first array response
factor of the reference beam, m is the set number of the
target beam signal channels, 0 is the angle of direction of
arrival, and d is the array element spacing expressed by
the carrier wavelength; and

the radiation factor obtaining unit is specifically configured
to calculate the second radiation factor of the reference
beam in the target beams according to a formula
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2
N o]

mx flAF"I a6’

wherein

i1is the sequence number of the reference beam, ZZ [Misa
second radiation factor of the reference beam with the
sequence number i, AF,"™ is the second array response
factor of the reference beam, m is the set number of the
target beam signal channels, 0 is the angle of direction of
arrival, and d is the array element spacing expressed by
the carrier wavelength.

15. The beam codebook generation apparatus according to
claim 14, wherein the first beam codebook obtaining unit is
specifically configured to: according to a formula

27
. - 2
Wit — argmm{ [G™ - gtM) d@},
lrp,if=1 "0

calculate the beam codebook of the reference beam, wherein

i is the sequence number of the reference beam, w,*™ is

a beam codebook of the reference beam with the
sequence number i, M is the number of the actually
generated beam signal channels, m is the set number of
the target beam signal channels, p is the sequence num-
ber of the actually generated beam signal channel,

wherein values of p are 0, 1, . . ., M-1 successively,

§;— " is the second radiation factor of the reference

beam, G,*™ is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, d is the array
element spacing expressed by the carrier wavelength,
and w,,,I=1 indicates a phase control condition.
16. The beam codebook generation apparatus according to
claim 14, wherein the first beam codebook obtaining unit is
specifically configured to: according to a formula

27
Wit = argmm{ G — GMm) d@},
lp,if=1 "0

50 calculate the beam codebook of the reference beam, wherein
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i is the sequence number of the reference beam, w,**™ is

a beam codebook of the reference beam with the
sequence number i, M is the number of the actually
generated beam signal channels, m is the set number of
the target beam signal channels, p is the sequence num-
ber of the actually generated beam signal channel,
wherein values of p are 0, 1, . . ., M-1 successively,

§;— " is the second radiation factor of the reference
beam, G,*™ is the second radiation factor of the refer-
ence beam, 0 is the angle of direction of arrival, d is the
array element spacing expressed by the carrier wave-
length, and Iw,,,|=1 indicates a phase control condition.

17. The beam codebook generation apparatus according to
claim 14, wherein the first beam codebook obtaining unit is
specifically configured to: according to a formula
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2
0 = g [ 6o,
0

‘Wp,i =1

calculate the beam codebook of the reference beam, wherein

iis the sequence number of the reference beam, w,*™ is
the beam codebook of the reference beam with the
sequence number i, M is the number of the actually

5

generated beam signal channels, m is the set number of 10

the target beam signal channels, p is the sequence num-
ber of the actually generated beam signal channel,
wherein values of p are 0, 1, . . ., M-1 successively,

§;— ™ is the second radiation factor of the reference
beam, G,**™ is the first radiation factor of the reference
beam, 0 is the angle of direction of arrival, and d is the
array element spacing expressed by the carrier wave-
length.

18. The beam codebook generation apparatus according to

claim 14, wherein the second beam codebook obtaining unit
is specifically configured to: according to a formula

15

36

g—m
angle(w,,) = angle(w,,)) + p5—r.

calculate the beam codebook of one or more other beams
except the reference beam in the target beams, wherein
p is the sequence number of the actually generated beam
signal channel, i is the sequence number of the reference
beam, angle(w,, ,) is a phase value of a beam codebook
of a beam with a sequence number r, M is the number of
the actually generated beam signal channels, m is the set
number of the target beam signal channels, K is the
number of target beams, r is a sequence number of a
target beam, values of p are 0, 1, . . ., M-1 successively,
valuesofrare 0, 1, ...1i-1,1i+1, ..., K-1 successively,
and angle(w,, ;) is a phase value of the beam codebook of
the reference beam.
19. The beam codebook generation apparatus according to
claim 10, wherein the beam signal channel is an antenna array

Y element channel or a filter channel.
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